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(57) Abstract: A nitride semiconductor laser device with a reduction in internal crystal defects and an alleviation in stress, and a 
semiconductor optical apparatus comprising this nitride semiconductor laser device. First, a growth suppressing film against GaN 
crystal grwoth is formed on the surface of an n-type GaN substrate equipped with alternate stripes of dislocation concentrated regions 
showing a high density of crystal defects and low-dislocation regions so as to coat the dislocation concentrated regions. Next, the 
n-type GaN substrate coated with the growth suppressing film is overlaid with a nitride semiconductor layer by the epitaxial growth 
of GaN crystals. Further, the growth suppressing film is removed to adjust the lateral distance between a laser waveguide region and 
the closest dislocation concentrated region to 40 U m or more. 
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iuiir (n^GaN&«) &#<5 0 ii-v t © z mmm I U T , H1C 

(OmWm^X^m 1 DCD_h®p-C^£*x5 £ 3"fc, ^35^ffi4 2^^fiv 
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-ijJStlS. BP*,. iOnlGa NS«1 0ld*5V>T, ^ * * * V -Y /H*ft & 
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it L-cttj&si'LS niGa Nig i o <D^m ^m^rnxmrn^m^ 
i A^jbMt5i©afiicgNf^Daifc©©iESi5ds^i:Tv>fcM«6 2 4 mat 
io mm, &m<pm 1 m& 2 5 0 x:\^Mmvi^m^yzf^t &ig a ns 

Jr-CSi p^Lfc. ^<D<tm, ^t&2 4\^tti&-tZ>mm^&&l<0^y?-\? v h& 

C^^gt^ 2 4 0#gfi*?Jl 0~4 0 /i mt?$i ofc 0 i©^2 4^ 
EPD (x»yft^ 1 0 4 ~ 1 0 6 c m- 2 &Otg;$sffcfiU& 

t fcoXSS *) . «*&2 4©EPD|4, iJliH 3tfT&Jh*£ < £ <0 

dSfcofCo BP*>, nlG a NHS 1 0 O^ffi&gK:** V^, fefi^^^^s 2 4K 
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ooi} ffi^^m uoo^c^ bfcSP^-fi^T utin— ©i^tox^- izmn-r 

V>5fc©(EK 0 /* m^fe 3 0 n mOgST'&ofc, 

:<Di5ftnSG aNl^l 0 <D 0fft<7> fc * <D JfeS^^^te tt: > HVPEifcgJL 
^©^ffi^PJ:oT'l)J:<,'MOCVDS (Metalorganic Chemical Vapor Ph 
ase Deposition) % M O V P E & (Metalorganic Chloride Vapor PhaseEpitaxyK 

X. niG a NI«1 0 O^fifc© * Ofifc^ V> 5 g# 2 1 tLTtt, G a 

5rii5T?l5, otDfe^^i: Ltt4^*lIXttfi*il (Cubic symmetr 
y) ©TOtS>5. i^SI^i^ (111) ®S:^^«HlHlM#te^*>So 
t77^7, SiC, Si0 2% NdGaOj, ZnO, G a N, A1N, Zr 
B 2 & ifO^s^^mw^i^B^SrfflV^ £ t 5. S i N *t?*;K MgO> 

G a P t£H<D±j3&m<D (111) ffimfcZm^Z - tt-ClS,- C^&llGa 

N<Sr (oooi) ®-CfiScg$*5 t> ©-efcs, 

HP, nSG a NS« 1 0 07£f£tf> fc & O^r * * O^tf^t 2«j^fo5. -o 

i*g&2 i oJ^tJiS:^^^^^ &i£j&i-5^*fe-t*fc*. ioi^it'iic^it, 
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±&(D X ? lc LTJgfifc&tt, *S& A *ti*& RUGA'S:* 5/-fe^^M^«r^-f-5 
v-1f^^l<DfllfifeSr^-f-»fiB|g-cS>5o iSk 02lc*5V>T N igf/i^^y-fev* 

£i\ :©n|GaNlSl OO^ffiJi^, 0 2 <0 £ 5 ^fife^^J^JiK 1 3 tf& 
fife $4x5. ClOffcglqif&llg 1 3 nlG a N 3£#x 1 0 ^fl5tC*^-C, *5(fcgi* 
Sttll (El 1 D<D^5 {4^*11^2 4 fcteS-TS) &tyLW~$' %> «fc o \z.W* 

m$4x5c Z<D&L&tofflm 1 3 tt, n IG a N££ 1 0 l^i^^l^l^I ^rti 

m&&3\ zm&tizv&m B iox, j&^wjutjig&i 3 kov>t«, 

nlG a NSS 1 0 SrH^- If- A^^^g^ lC|8g U 1*1 *P £> jE *7 j?f 3£ <D JtQ 
SiO 2 £0. 2 m m©IS J; ? K$d*Sp IT, Si0 2 
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*-£&4I-r5 J: 5 Ic^s/^^&fr 5 ^ t <fcoT, fife SflJfltiJ 181 l 3 fc^fijcf 5o 

5:5 0/imi:Lfc. iOi5 IC^S * £-? x {6$E{4^8c 1 2^bGa N^HflSfifc 
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^T©&, 7 5 0<C£-CP£i&L, 3 PiO, 1^4 n m(D I n 0 . x G 
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y rc^/vr^^^-^) *:ti*?}hmi\-rz t &v>. *fc> SttJi 10 5 

NBj^t Lt, NH,MtN 8 H 4 (t K5 5?y) 3Z.r±C 2 N 2 H 8 (i? 
>f^t K >") t K7^V0Kifsh i>5V^lixf;i,7^ Kft ^©Tt* KMC 
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tCPjMg (If X^^Jlsis? u^Ofi *?x.=.j\,t ?J*) &JgV^ Mg*S 

1X1 0 18 cm- 3 ~2Xl 0 J0 cm- 3 |^5i5 fcfSg-f- 5 . M g ffi> & t L*C 

Xx pMGaN=iV^^f®10 9 <D pS^M^jg^fi, p mfii 1 5 <D#|6]K 
fa*»oT, pM^F«(6#)^gSr#< -rsjfrriSfr* uv^ i r t lei t) p ®@ 1 5 

i©±5lcLT, P SGaN3y^^hgl09 £ffi2fifcLfct&, MOCVD^ 
Mtf> y $r^:-C^^^r^ U 7 if ^ tNHjIc^x, ^^ii.«Sr 6 Ot/ 
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it u 5 a-pai, mwim.m& s o o«c-cit«p$*x#.«u-c*»6». st^&is. 
£-c&T£-fr5. z<D&mumn 6 5 o ica»e> 9 o otwppsjjw s u< x 

ft, 3 O'C/^-t/JS*? * 

WIB^&lcJ: 9 x M0CVD8W»6O^*A-»D*lftftCpaft7 
tttt#w*h5.X, p @@ 1 5 (DWmz.3L% =» 9 Mftttfctetfc-rs.Mlc, 

iSk nil n 0 . 0 7 G a 0 . a s N 9 7 V 9 KJt* 10211, I nj&j£lfcj&S 0 . O 
7 fil^-eijoTtt^^V^ n§* I n G a 7 y * B&ihB 10 2l#i5tft< 
T &l^„ LftflS 6> N nlA 1 G a N ^ 7 s> KJg 1 0 3ittSGaNl 

SlOi: Ote^^Ig-g-as* # < t£Z>m&l±. iOnSl nGaN*?y? RrJtJl 
10 2 A Ufc^di^ 5 y * &BfcJfc-f 5fcfc#3; UV^ 9 ? y 9 SrBfcJfc 

•t-57c«)tC x nI©^^tUT N S i <Dftt> *) tCG e £fflV^-C t>fllfc>&V^ 

m&m wmmx&* *>&mmx-ykt>zffif$.X'*><ofz:&, #fh 

e&Ji 105a, #FJi t&mm<?>mm\zs i &m&mmijQisntzmi&± 

«£ 5 &^*6<&as?StiiJS 10 5 tcSsflq $n5^*5^^^giJ^< i «) i 5 Ic 
^*n$tt5^F^^)i LTIl, S i UAfl-lJlO, C, G e N Z n^iVMgCF^ 

Ani:<Dimfor±x ^ixio 17 ~8xio 18 c m- 3 &gas# * LV^ ^F*6 
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fc>ftV^ 

X> piAl„. 3 Ga 0 . 7 N^ty7yo»^il06li, ^ <DUj%*%\<D t> 

©ti^-ctj^frftv^o 09x.fi > i n %mm-rfr\i, i^in^-epifttso 

LT^^fS: 3iS-C#s ^^^^1^ {cfe^S 10 5 tc 
5 5 £ t &WHP"t-&. i*K plAlGaN^-ty/^ns'^ilO 

6 £&:&*ft < Tfc«l^/iVN^ % - (DpMAl GaN^t!)7^n^|l 0 6 & 

€ 1 0-6«S»ttJB 1 0 5 m*-*- U T&PB Diifc5#£ 5. 

X. plA lGaNdf+!J7yP?/^il 06OA1 i§i< T 5 ^ t |H 

10 .t-oT, y TOPB C&«>as3&< ftoT# * *fVT<DWC 
>i«)^«:it$^5mS*-CA 1 *&fifcfcfc&/jN£ < -rnrfs plA 1 GaN*t!)7 
^D^1106rtO^t!) T^tdSdS^^ < ft5i»^e< ft 5 ft: #> , IE 

X. n|A 1 G a 7 y KJi 1 0 3 t p lA 1 G a N 9 7 V KJg 1. 0 8 t U 
16 t, Alo.iGao.'jNfti^^bftfc*, AlO»rt«3#0. 1 * 5 

A 1 G a N 3 5cj^St?fcoT t^^ftVN, A 1 <Z> *g HJfc # ifS < ft £ £: StiiJI 1 O 

20 ffefcb<S:/h£ <i~*vtf, niA lGiN^9y KI10 3Wp MA 1 G a 9 
^ KJI 1 0 8^tifii-e©^i J> T;f£Eb« < ft t) , ^^•o»^mffi«r(S< 

niA 1 GaN^5y Kll 03 ©J¥^&. 0. 7 /i m~ 1' . 5 n 

25 ^#tetf>|6]±fc W-iFBHitmM HI 5 ^ 5, X, nS^Ti/ 

KJf 1 0 3SVpi^ 5yK|10'8t, A 1 G a N 3 5cS^ t A 1 I 

nG a N, AlGaNP, AlGaNAs %f<D AyuU^t tTt&V>„ JEtC, p 

7 ^ Kg i o 8 m^.min.$:i&m-rz>tiib\c^ p wa i g a hi t P iG 

a Njf A>£»ft5j@&T-#ii£, Xtt, plA I G a N JP <b pSl n G a Nl^f.* 
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niGaNisi o ± Kmtvo^mftm *mm-t 5 , mocvdii 

IC £5 m V^ £> tl 5 t> <D b V ft** f * * *-«fe (M B E ) % 

5 «V»"C\ ±5B© J; 5 I- ItlMl^^l^l^niG a NS« 1 0 

jftSfLfcactT !>x/NtMOC VD3£ga»G>J&!5 W Ufclfe, V—iFftf 

J: 5 plA 1 o. x G a o. 8 N* 9 3> KJi 1 0 8 h 9 -f 

J^0>©£B# (£ATx rat If **^/UffcgSB#J bW&) tC«^9y ^tfS£<H 
15 £ te$sa>ofco 

iHfi. ^cSiqift!llI^l 3ji^t;:£j&£H5M;oSj&:fc£|gfn L"CV>5fci6, ^ 
fc";?*^ A- a*, y y h 9-f ^IfPlcM UTSlS^Fft (0 2 
Ip]) lcgl@J&;fji&sfl£^&H5 rilciStoit^tixS. X\ Ga n£<S 1 o 
(D^Bq*-cei® L-CV*5$g{fcaS|£:g#]$IJI& 1 3 d £ 9 . G a NS£ 1 0 <D±.&{£ 

X, fS&^fl + tSigU 1 T-fiG a 1 0©^ffiCD^i4^^m®^^tei-<5^ 

26 %ig#jf & c £ -e> tiis^G a ns*s i o <Dmm\z&$?-r Z> Z b \£ 
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nMG a NSft lotjf b X tK ¥■ % ft |£ ft & PH C Si ft 5 fc «>tf> y r ^^I«7 
*^ *tt*2 5 (0 1A-H1D) «rft5 nlGaNlll 0 5 

10 y ^i** hy^yUti, ^ ^ #=^<D3t©«k t) x pfA lGaN^yKll 

0 8 h zfiskoU^-^n Utx yfy^tfi - tl- £ X) , f^tS 

* b 7**ii± »H<B1. 3 ~ 2 /z m £ U x 

X, x^f^^dffiCpaGaN^ Kgl0 7^bOEitt, 0~0. 1 M m 
tLfc. -e©t, y y Y ^SBS**OSS#K:i!&&Jg|l 1 0 £ 
15 iT?, Ife^lg 110t UtttA 1 G a N£fl^fc 0 f >^$Jlf Ic'aofcp 

iGaNnV^^ hJp 1 0 9 t±mtti LT V<> 5 CD"?. lOpiGaNn^^^.M 

1 0 1 0 4>&i6.hfC N piil 5*SP d/Mo/Au<DifftI 

- »*R1 10t L T « Jb 12 iff x 5>/U3=7\ * V* 

5 L-T, Pd/Pt / Au, P d/Au. Xfi x N i / A u CD {BTH^a* 

^-^5 k \Z. £ \) y xlft> x/N ^g^|, 8 0 ~ 2 0 0 /z mlcpi L, tl-^f 
25 a^oa-WSrffv^-J-V* J: 5 

L-T, n fH£ 1 6 n IG a N»;& 1 0 ©Sffifll'H f / A 1 OPI^T?^ 
£*1,5„ Unfile t LT, H f / A 1 /Mo/Au. Hf/Al/ 

Pt/Au, Hf/Al/W/Au, Hf/Au, H f /M o / A u Offe, £ *V 

bco? *>a>e>H f^Ti.Zr l-S£&*fcmmm4£asm>b;ftTt>«:bfcv% 8 
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M LTmUjjl&MZ&ffl £ t -C. ^jg|§g 6 0 0 nm(Dy rzfV - -<d-* 

^H^f^^$ *L5 0 $ n *ig^gf* 3 0 0 <nnj)>blOOO/i m#&;£; UV^ 0 £ 

6 ftVj&Mt J^ofc. * h ^^rSl* s < 1-10 0 >*-jS]^?&^T^^$tbfcg 

— J^»-^lbnTV>5glW^-^-dS*^SgrtiC|fi;Jt hfltcDF B (Distributed Fee 
dback) \ ®Vffe : ¥-&&m$fc<Dft-\Z.&Ui bftfrDBB. (Distributed Bragg Refl 
ector) frm^^btlX hffit>t£\,^ 0 ^W^^ttmm £2xT. /< — ftC97 T 7 V • 

¥mfrm<Dimm tm^m&rx, @3©j;5c, ^b<&¥ig#/f 402 i>*m&nu 

il3 <DttJi-Ci^^^^Tt>tL-f N fiJm&SHjHg 1 3 <0\g.JtKD%i® 4 0 3 J&* 81 *X fc # 
25 ^{*:V-f^4 0U«^t5 o 

* 5 I!lft5. E|lt>. gUTf*. ^-fb^igfrjf 5 0 2 ;«gfllf|Hj|g|l 3©ilit 

^^5* s < ^fifti^Jl^i 3 oii:±om^5 o 3 ic^v-c, mkVa^Ufcm 5 

0 2 0^®_h*-e^Lfc^ 5 S> * f*fete~$-%> 0 Xs r O^B^« 5 0 3 1^*5 V>T, 0 
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V>„ X. ^©^^6 0 3 |C43V^T. 05©i ? fifc^U&ffiJBI 1 3^®_htc£*P? 

6 0 4 & ^-rs 5 . &&tofflmi 3m<Dmmz.ffif&$frzu 

2<D«fc p *«fife<om{b^#^ft:W--r^^-Sr#5. lOit g-ftK&^igf*: w^- 
iffd k: i 4 (v y u zrmvwLTkzQLm-rz) 

t t> £ , n MG a NSfi 1 0 iCtttf y f P = 4 0 O m m -Qfc&M f M*£ 2 4 
(0 1 A-0 1D) ^lag^nTVN^. ft, ^-f©7 7 /!) - ^n— #i=JgS&& 

ffi> ^gis&^isic&v^T, ^nmm 1 3 cDjgu?& 0 . 2 M u/cas. 

0 5 n mi «3 &V^# % g-ffcifc ^Jgft: Jf ^ Jg ft <o #MK «fc 9 HH» £ 51 )&g#J 
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m&wpmi 3 <Dmm&, o . ldmi? *>m^m&. nfG a wmm i 

£fcoT, j&^fljfljflgi 3 IM|^gtt5rHSfc5. r©^, 

l&l 3 £#3!>Sft|g&gtt&< Tt>s J&g#iJflJlgl 3 g^OG a 1 0 ©St® 

<%2<Dmmten> 

D) £ 5 I', nlG a NS«1 0 O^® -h^jEfe § *L 5 * <D*ft t fe 

i^Ufc^. SiO 2 £0. 2 n m<DJ? J; 5 Kfflffl LT, S i 0 2 l^5rn 

iGa 1 0 O^cBIC^^-t-So *<0'&, M% L/C S i O 2 1& & f§! « ft 7 * 

b V y^77^4ffiV>T, 06AOJ; ? ^ CO RH RI 5 n mT? 3* 10/z 

mi 4 5^^*H^!1I^3 0 1*. 3o||ulG a Ngtg 1 0 iKDilteffcgl* 1 ^ 1 

:oi5i:, HI 6 Atc^-r J; 9 G a NS$ 1 0 tf>i|5&£ilf M*£ 1 it-. ± 
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^(D^mx^mo . 2 n m<D&&Wimm3 o i&i&m.znz> mocvdii 

6 BlC^-Ti p fc, ffc&ftlfflWi 3 0 1 F^(D(D 5 M mOtti^G a 3 0 2 

* 5 [0 0 0 1] ^ifiH-fifeS-f 5, :©t|, G a N^S 3 0 2 <E>»r©^#t2 s 5u£: 
5 fcfl^OH^ lC&o Tc^tl t fr5 0 *Lt, MOCVDgfRJ&^OjE^Sr 7 0 
T o r r KTtf , mmm.m 10 8 CCXfftfG a Njj£,§, 3 0 2 

® 6 B {C*3V>X, nMGa Nm& 3 0 4 f* fife S #J <M 18 3 0 1 
$ftXV^V>^#a>kcOfifeSgfl#Xfc!K :©nlG aN|g3 0 4>f|CttnlG 
a NSfe 1 0 1^ <7>$S0fc^«f« mm 1 1 «*KO®*g<<Z>Stete«g£ £ 
10 U*ff«ELftV\ X, GaN*ft3 0 2«D«|'fctt 4 [ 0 0 0 1 ] # fa<DfifeS*ill |£ 
. SfbTSpfT^faKleffc 3 0 3 *5§|#^iS^-C#^E-t-5 0 b*»b*^b, [0 0 0 

i] ;fc-|Bitf>j&:£$fcij:*t uxiiiiii 5«;£i*i~<D&feS#Mii: 5^ 3 o 

*>5 (11-22) ffi&tf (-1-122) dS^3feSSi:^oXfigS-r5o 
16 iO±?^LT,@6B©i5 (Cdi^l- G a N*£& 3 0 2 flSfifeS U 7h $P # 5&> > 
Ifcj} ffiJO fifeS ;&* (Sit U 0 6 C tC^-T J; 5 ^ s ^gfti^|J^3 0 1 JbCD^ifer^^-X 
*B£-LXlOc_LlB|£U:fifeS-f 5„ X> &l§&Xfc5 nMGaNg|30 4 as^fa 
l-^tS; <t |r £ o X, :©i9|IGa Nj£&3 0 2 #fifeS UX&fcfe & HfcG 
a Nxt^r^i/ t ^^gt 5n ^ G a N| ^3 0 5 ^SJg^$^5o :©n|G 
20 a NJg3 0 5 X*WmZfrtcG a Nx if * ^-i"* /U« B\ ^ # fa fife S I- .£ »? ft If £ 
*L*:*g&3 0 6 &&-t& 0 X, #i#r6]fifeS^ J: «? G a N*£& 3 0 2RV11IG a 
NI&3 0 4 **o;fca«o 3 0 7 ICfi, 4> fi <Z> * 5 . 

£*Uc^Xhfc, B *^flf iSiP^M&SttT^-r * ^ l 6 2#H£?sr2 2 0, 
3tem^Sigil^ 12 5 17 1 IsI^IIW 35^35** (2 0 0 0¥12^15 

25 ~16H) 2 5 ~ 3 2MIC|Bi$HTV^. iOipiat, nfGaNlfil 
O^^ffiJiJjlG a N fifeS £*fc#<£, -g-ffj^ 8 /z m<^Bl^*XfifeS L-fcG 

a Nig 3 0 5 O^gaH^^^Jpffl^^o fc 0 nSG a NJ^3 0 5 fcfifeSSiirf;:^ 

&&&fifeS£-e:fc 0 ioX N mt®i*Mfrm 3 0 8 ^n^G aNg3 0 5 _bl« 
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*<D^x ^*y s f--y?$:&Zt£?ZbX's F7^^ 3 0 9 

Mix fife^«i^J^3 0 1 1 0 M m-e£o&1i=S:5 M m <t 

io Lfc*5. ^s«i^ii^3 o i am**. mtRf&&&xfi&*fo&&#^&* f ®%-'&ffiffi 

fifefi«I«feim3 0 1 <Dmti 1 M mJB*-h 1 0 n m^T-Cifo 5 > BlO J&:g«J$.ll& 

te'fc^ftl' — 1ffif^£#5 ~ ^S«i*Jiei3 0 1 £ ? I- 

15 J&j££H5G a NK3 0 5 <£I&J¥£ 8 n m t Ufc^, ^(DWkW-*: l~20pmi 

HKx 3 0 1 ©#»i'U-C, Si6 t SrfflV>fc*5, IS 1 <DmMl&m 

turnip si,N 4 «©i/!) avfc 9-*ir* a ?"v (w) , (t 

2 nmt Ufca*, 0.05 /xm~ 1 n iaU& t LT t>«t»J5tV\ Xx ffO^F^O 

(Six ^lRl^B2 0*liS^li-C(±y h^^it^^b&^fri'-^ 
25 f^t^O^Tia^Lfc^x ^^l&O^tt&V^ Xx nfGaNS<R©Iffii:nl 
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V-lf^^ris i&&Ji 1 O 5 I nG a N#FH t I nG a NpgllJf *5«H £ *L 

•^t^ixS J; 5 Ic-TSc w^fFll^t^JifciSAs, PWS 

b ©5n^f$<0|SfiJComfifctfc&X t i"5 t i: h I^FI © N Tcfft O&jfclfc £ Y t 
i"5£,X&YJ;*»k/.b;S<-r5ifc 1 t>fc:,X/(X + Y)&0.3 J^Tt t5. 
X, X/ (X + Y) Icov^fi, 0. 2 WT<b -*-5;fri6S0£ LV> 0 

X. lltri27G*#tf>*&fntf>TIE4iiW:, l x l o 1 8 c m" *£k±-v$> 5. ±t&<Dtg 
^»^^Sno*afigJtXdS 0 . 2iHS<45ix #F^rt^*3V>T, HfFfBTcPff 

itX^O. 3£t)t>itl<fc5t, ±ftft b 

^^£Dij^fP0D^APfi^ 1 X 1 0 1 8 c m- 3 £ 0 t> /J> § < fcS , #FJB-fcJb»-© 

? As, p^ivsb (DytmrnvTzm 105 ic^^-^-^s 

ntr#t- J; 9 ^ & v^^jss£Afi"c W'^- i^^iisi© j£> © -v y 7S^*^#?>n 
o t m m u x t m ft t;: m * • * - >\> & & m t r m m \ - a a $ h 5 ^ v * 5 $ m a* m 

^HS^^otV^. Bp-k, f£t£Jl 105jwAs, P*3«tTJ5Sb <Djcm^P 0 *> 
<srtbt)#^-b^VN I n G a N3R£<fc«fcH £ *flei'-1f s *-?- 1 Jfc^T, ^ftfe©5t3it 
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3t & g \ c £ it ^ * t> ^ U 5 o 

13 7 1^*5 V^. 1 OIlnlGa N^*gT?& »5 „ 1 0 flCfi. *£<fc*fi*£Mi£ 1 

HSH£l lOtfyf PU40.0 Mm-Cfe5„ * fc. ©$5&Sg*j&* I;: ft, $ t£f£{fc 
ft^t^l Hcip^t LTW^S^yfe v*fgi&2 5 *5^^e-T5 0 i oilctfu 

iWWlOOOfttt, V-iFft^&fgigc 1 4 7)5ftf LTV>5. 

m&m 1 0 0 0_h®*3iTJfS«l OTiSKti, ®@l 5, l 6 tt*:fr^fr : &m& 

^*m*&2 5*5 it^V-1f3fe^&^^ 1 4 tt. 0 7 CDftfT^lSncJgfa L"CJ39 % 
20 EV>tJ:B&5jZf7<DBajl t fco-O^So 

*g&^*$i 4 tfefift^^^i i ^ co^sisr d , u—^^tm^mmi 4 t^s; 

2 5 t COKHI*: t t L£: t % N d = 80jtm, t = 1 2 0 n m t 
U*:. &*5. #9i*fl#K:*5V^, £f£E d *5«fct* t h 7-Y ^ft© v — -iFftSg 
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( ftfcft *m &m <o ^ f # * i/ ^ ) 

n!G.aN3S«l 0±|ci«^ft| 1 0 0 0 4$ L T V- 
^^3 ^^^-rs*fe^ov>-c, El 8 &#BB LtliflfttS, H8fi, El 7 o^ig 

^w—ifm^ 3 sr. mk®*n&m 1000 ©jnn>t£sw^-r i 5 \zm\^tc 

MO C VDg?e&ffl V>T, Vil^ONH, t I I I gllR^©TMG a (MJ 
JfettTEGa (MJxf/U^y Kw^MRH-t 
LtOS i H 4 S:J!inx. > niG a Nl« 1 0 fcl, S&i&S 1 OSOt^ EU? 3 
pm©niGa NH 110 2 £J£ffcUfc„ Jfcl^-C v 8 O 0 'CO&J&i&gT?* -tfB 
IK Ml- I'll ^I^^i: Lt©TMI n V£>f7 A) *1]Qx., nl I 

n 0 . 0 7 G a 0 . 88 N^7y^ 65-lhJi 1103£40n m f£ g £ ii: „ JfctC, m& 
10 5 OTCtChtf N TMA 1 ( h V * f^7;V$ = t? A) *f:l4TEA 1 
(hyx^7^^-!>A) OI I I ffcjDK**t>JH^T,'-l . 2/imfOnSAl 
o.iGa,.,N?7yK|1104 &ffeg&**: 0 nl^feiLTS i * 5 X 
10 17 cm- s ~lX10 19 c m- 3 ?^*P Lfc. *^T, nlG a N^^f^ KJi 1 
105 (S i^TOlX10 l6 -lX10 u cm-') &0. l^m^g^ 

*<D'&. mm.m.mi: 7 5 OttTff, 3mm<D. MS 4 nmtf) I n 0 . 1 G a o. 
B N#Fit)l$ 8 nmO I n 0 . 0 iG a<>. 9 9 N fgigJl 3&» b fife 5 *S&Jf (#MS 
^#F*?fii) 1 1 0 Pf^Ji/#FJI/I^Ji/#FJI/|liE^Ji/#FJi/ 

H 4 (S i -^FttWBfttt lX10 16 ~lX10 l8 cm- 3 ) &8s*P tfc, P$tl 

£#FJi> *fctt#F® tl^Jl t own:, l*j>£Uil 8 0 1*1© fife gtpe?r& 
fifttil-A s fetttSt^liA s H 3 {Twists) JfefiTBA s > 

fciiTBP (^-i/t!)yfw^7^)i, ste^jc s b *mim-t 5 

TMSb ( h y ^ f;V7yf=t» SfcliTE S b ( b!) x.f-/^T V^^E-^) £r N 
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3 gA*MCN 2 H 4 (tK7^y) „ C 2 N 2 H 8 (^f/l'tK?^) fcSlM*N 
£ ^tf^«lJ^ & & ffi V> T t> *g fc> fc Vn 0 

fctC> &mm.m%WTM 0 5 Ott-C±#^*X, g^20 nmOpMA 1 0 . 
3 G a o. 7 N=3r^r V T 7 n v # jg 1 1 0 7 , 0. 1 fimOpSGaN*^ Fi 
1108.0. 5 m m p M A 1 0 . i G a 0 . 9 N * 7 KJS 1 1 0 9 N *5 J: 0 . 
liimOpSGaNny^ h Jf 1 1 10 £Hg#:fi£:g: £-frfc e pS^t It 
JKftlCE t C P 2 M g ( If X.^f-A'i/t u^^jriSzczz/Vi- V^, 
M g £ 1 X 1 0 18 cm- 8 ~2X10 20 c m- 8 -C^*H Lfc, p^GaN=>^^^ 
MM OOp gi;F*fi4&«|gttu p mm l 5 <z>;£r«]te:fad>oT?£i< &5 J: ? I- L 

-OJ:5iax, pSGaNa^fMl 1 1 O £ j£ £ ii: & > MOC V 
M.&*feTi5l£t*.mm.m.m& 8 0 0\3fc7£o7tR#/£T%NH 3 ©&i&&^.lh 

r>mwfrt> <d m urn© p Mitr-— ju&nft u>fc < tt, rim^-r 

•c^ pM-(bo#tt^^$^Tv>rh (Mg^igtSHbb-cv^c) . *rt> P ft€iUi& 

I n 0 . 07 Ga 0 . 9a N^7 y 9 IfrlhJi 1108ft, I n2B.j£tfc>JS 0.07 UM- 
■Cfcottfilfc^^l^ I nGaN*??* B5.lfcJi 1 1 0 3 Sfri5Sft< Ttifc 

ftv\ ua> t*^ b> ^7yKiH04tGa lot o&^^-a-as;*: 

# < 4i8»^tt, mriB I n G a 9 y * B£ Jfc® 110 3 A Lfc;tras* 7 s> 
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m?ttf£teJS 110 6 b&mm<omm\z-S i SrErlSfitis 
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